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Overview of a Program of Research on Teachers’

and Students’ Routines, Thoughts, and Execution of Plans

gy
EA
This paper presents a brief overview of a program of research the
purpose of which 1is to analyze teaching as a cognitive skill and to

begin to map the array of cognitive information carried by students in

the classroom.

The research focuses on the cognitive skill required for performing
a complex 1interactive task im an i}l—strdctured, dynamic task
environment. The task is performed regularly by skilled individuals,
with variation in specific_éctivities and informational content from one
performance to another. We characteriz. general knowledgé structures,
especially knowledge of‘generic procedures, that efiable the task to be.
performed skillfully with significant variations in its informatiomal
content. ~We‘are invesﬁigating pr0pertieé ;f this'genefal knowledge that

enable formulation of specific plans, which are then integrated with

knowledge of generic procedures during execution. These plans specify
activities that &re chosen to accomplishb goals related to specific
informational material. We are also focusing on know}e&ge'that is
required to adapt to circumstances encountered in the task enQironment

that were not anticipated when the plan was formulated.
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The specific context in which we are studying - cognitive skiil is
the preséntation Nof nméﬁhematics lessons by expert teachers at the
elementary séhpol level. To understand the nature of knowledge _hnd
skill that enables eéfective performance of this task, we are observing
and analyzing performance of expert teachers,. and comparing their

performance with less ‘experienced and less 'efgective teachers. To

o

understand the nature of the iﬁfofmation carried and used by children,
we are observing and interviewing a sample of children from the

classrooms of experts.

We chose the domain of mathematics teaching for several reasons.

First, the task of teaching has a number of properties that make it

potentially productive for the study of Plan execution. A plan for each

day’s activity, called the "lesson plén," is commonly constructed by the ~

teacher, and while we consider this written/plan to be only a fragment

of the cognitive plan that is operative, it provides a tangibie basis

for analyzing the relationship between task performance and planning.
Second, observation of gxperienced teechers reveals a large amount of
activity that.uoccurs regularly and effectively, but whiéh is not
included 1in teachers’ explicit plans. ‘This activity provides an
opportunity for study of implicit or tacit knowledge of generic
procédures that exp;rienced teachers have acquired. A third favorable.

property of the teaching task is that it is moderately, although not

.extremely, ill-structured. Enough unforeseen -circumstances arise to

require the plan to be formulated in a fl%xible way and to provider

significant adjustments and improvisations v for analysis, but in most

cases the main course of events in the presentatior of a lesson 1s under
, : 14 n

the teacher’s control and can be carried out according to plan. Thus,

4.
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we anticipate-that the task of teaching provides a domain in thch B
cognitive analysis is fea;ible, but in which a cognitive analysis will -
raise significant theoretical issues. These theoreﬁical issues“ will
pfovide signifidaﬁt extensions beydnd our current understanding of
kaowledge and skill for problem 1golviﬁg and performance of comblex

cognitive tasks.

The subject of mathematics provides an especially favorable domain
in which to conduct a cognitive analysis of téaching. Since mathemagics
is a well~definad and structured discipline, the objectives, tasks, .and
sequence of insﬁruc;ion are specified quite clearly. It 1is also
relatively easy for teachers to determine when their instructional goals
have been met successfully, since students’ performance on math problcus
can be observed and provide relaﬁiveiy clear information about their

progress in learning.

In approaching chis research we are drawing heavily on the work of
educational psychologists who have 1oﬁé been working in the area. We

are also incorporating the work of cognitive scientists. A major

contribution was made by Sacerdoti (1977), who developed the concept of

a procedural network t§ represent‘knowledge for planning solutions of
problems 1in the biocks world. 1In Sacerdoti’s system, called Network of
Action Hier;rchies'(NOAH), knowledge units are schemata corresponding to
actions at different levels of_gen;rality; Each action schema includes
information about consequences of the action, and about conditions ﬁhat
are prerequisites for performing the action. Plans can be formed by
choosing actions whose consequences m;tch_goals that arise, and whose
prerequisites either are satisfied in the situation or become goals that

can be achieved by further planning. Stefik (1980) developed MOLGEN, a

s
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system that constructs plans that conform to"cqns;réints. MOLGEN éan
fotﬁulate éians in situations Vheré global actions infefaqt; that 1is,
where choices made about oné component of the plan imply constraints on
other components. Stefik developed a’procéss of coﬁatraintl posting -to
enable this planning to occur. Stefik aléo allows for inter-segment
linkages through pointers that indicate oné action’s relation to another
even when those.actions ;r;—;:Ite.distant from each other.

Psychological analyses have &een provided to illustrate the
usefulness of theée conéepts'in characterizing knowledge that enables
human performance in complex tasks. Greeno, Magone & Chaiklin Q}979)
used a hierarchical knowledge structure and top—down planning based oﬁ
Sacerdoti’s (1977) ideas in a model that simulates high-school Students;
performance in geometry preblems requiring construction of éuxiliary
lines. Atwood, Polson, Jeffries, and Ramsey (1978) concluded that
processegs of top-down, breadth-first plaﬁniﬁé like those 1m NOAH,
comprise a major component(of the cognitive activity of 'individuaié

working on problems of software design.

Hayes-Rotii and Hayes-Roth (1978) studied performance in a task . of

_ planning a seriee of errands, and developed a model of interacting
knowledge and decisions that includes opportunistic, bottom-up~ ugse of
componénts of the situation. Hayes-Roth and Hayes;Roth'é model includes
a fo;m of posting of inferred information 1like that included in the
HEARSAY model of language understanding; these are consistent with
Wilkins’s (1980) use of posted inferences in the knowledge~rich domain
of chess. An important discussion of planning and problem éélving in an
ill-sfructured domain was contributed by Flower and Hayes- (1980), who

focused on the interaction of multiple constraints functioning at

. : | ‘_8'
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different levels.

While psychological investigacions and AL simulations have examined
the intricacies of planning and problem solving in somewhat consgtrained
- settings, educational researchers have worked on teachers’ lesson plan
develonment and on interactive teaching (Jackson 1966; Peterson, Marx &
Clark, 1978 Yinger, 1977). The background for. the work on the
'cognitive processes of teachers has been work in teacher effectiveness.
Studies of tegcher effectiveness usually focus on ‘teacher behaviors and
classroom processes that’ affect student achievement. Recently, there

'

have been some major breakthroughs in this area based on refined

conceptual motlels and the "ability to more precisely conpare variables.

Research on teacher cognition is less well developed and, SO far,
less successful than the teacher éffectiveness work. The most commﬁniy.

B L] ‘
examined teacher behaviors are preactive, before teaching, behaviors

such as 1esson .plan construction and interactive oehaviors which deal'
_with actual in-class teaching (Jackson, 1966). This work has assumed
that lesson Plan production is a profitable avenue for Bursuit and that
lesson flexibility or changevis desirable (Peterson, Marx & Clark, 1978;
Yinger, 1977). The work on preactive planning, as well as the work on
interactive teaching, tends to'ignore the total context in which these
events take place (Berliner, 1981). For example, planning in mid~year
is‘diffetent than at the beginning of the year, .not only because the

teacher’s behavior is stabilizing (Yinger, 1977; Clark & Yinger, 1980),

but also because the teachers are operating in different contexts.
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Yinger’s (1977, 1978) ethnographic work on preactive blanniﬁg
revealed that teachers did not folioﬁ a linear sequenﬁeiin.lesson plan
construction 5ut rather that the teacher was mainly conéérned with the
planning of activities, which typically became routinized half?way
.through the school year. Behavioral objectives were not found to be a
major part of the teacher’s planning, rather acti;n segments ty;ifying
plans. This finding lends support to the Morine studies (Morine &
Vallance, 1975; Morine, 1976). Morine’s work built on Yinger’s and

proposed that a cyclicai inieractiqn occurs between the planning .and

interactive phasesb(Morine, 1976).

In the last few years, several teamé have begun researcﬁ' on
teachers’ cognitions while teaching. This body of research has tré;ted
the teaéhér.as a decision-maker (Shavelsbn, 1976; - Shavelson & Stern,
1981), and/or as an information processor (Clark, 1978; Clark & Jpyce,

<
1981). The decision making work has - beem helpful in advancing the-
methodology of the research by using videotapes to stimulate recall.
However, it has tended to restrict the types of questions asked to the

*

teaéhef: Every time a teaéﬁer éalls on a pupil for an answer or
switqhesm_examples, s/he 1s clearly deciding between alternatiﬁeé;
howevér,‘ the visible decision may'be quite trivial in terms of lessqn
success or teachers’ perceptions of...lesson success. The information
processing approach has tended to treat decisions as outcomes of a
complete.proc§ss of information filtering, as opposed ‘to réti;nal
decision making. Our conceptuélization considers the overall goal for a.
teacher to be the successful completion of a 1esspn, or completion of

the agenda, rather than the execution of a series of perfect tutorials

or critical decisiomns.
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The three most ; relevant efforts on teacher thinking while teaching

_are by Morine and Vallance (1975), McNair (1978-79), and Anderson-Levitt

(1981) Both Morine ] and McNair’s work shared Shavelson’s view of the
teacher as decision—-maker (ShavelsonA& Stern, 1981). In a continua%ion

of the olanning° studies, Morine; and Vailance (1975) examined -the_
in-class decision making of- high and low' gain teachers. Morine’s work
strongly suggests thatvteachers focus on the total teaching task, not on

the partitioned tutorial task. Morine and Vallance’s .work, as well as

that of Shavelson and Stern (1981) and Petersqn, Mark,and Clark (1978),

_tended to 1look for alternatives and "responsiveness" in the teaching

plan. When responsiveness (that is, changes in reaction to students)
was mnot found they tended to view the teaching as rigid. This
interpretation isvconfounded by the fact that less effective teachers
are more likely to attend to student cues, both academic and social,
than are effective teachers. An alternative explanation is that the
task formulation of experts 1is clearer,vthey know how to achieve it,

namely, by not getting overloaded or bogged down in distracting details,.

4 -

and that their changes are more subtle and less disruptive.

McNair (197§g79) investigated the "in—flight" decisions which occur
during teaching. Through the use of stimulated recall of classroom
interaction,‘McNair attempted to identify what cues teachers attend to
and use 1in decision ‘making. fhe results indicated that most of the
teachers based their minor alterations of behavior on student cues, that
is, on their perceptions of what was happening with the student. McNair
considers teachers as "fine tuners" of an initial plan, rather than
decision-makers. That is, through their interactions with the students,

teachers pick up cues related to students’ involvement/interest in the

3
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clasgroom. activities and are continually'making "fine adjustments" in

B

order to neep the classroom running smoothly. e

,/, [
-t

% In a rélate& study of teachers’ interpretatton of student language,

Anderson-Levitt - interviewed a teacher “in France using' videotaped

’ . : t * . N .
stimulated recall‘(Anderson-Levitt,/1981). The most significant feature

of her work 1is the schematic representation which denonstrates the flow

of thinking between cq?rent actions, known past opinions about students,

and. theories of student behavior. The analysis tends to treat more

lightly the overt objective of a given lesson = namely, what the teacher
was trying tp, teachs s .

¢+ . -

An insightful analysis Bf.expért tutoring by Collins and Stevens

(l982) has provided relevant information aboutxteacher thinking in the

~framework of cognitive psychology. Their work analyzes  Several

- laboratory ‘teaching events (tutorials) into formal processes with goals

and asubgoals, and shows the tutor weaving through multiple alternative,

paths in a ‘chess-like pattern of lead and block. What Collins and

Stevens build is an excellent model of -knowledge exchange between ga

~ learner and an expert in subject matter and pedagogy. Additional

questions arise when knowledge exchange is considered in the more
traditional setting of the classroom, where multiple distinct and

occasionally competing goals may be operating.

Research on teacher cognitions has emphasiaed the construction of
written plans, the lack of flexibility in altering plans, theAteacher as
a decision-maker or as a tutor of twenty children. Our research seeks
to ekplicate the full agenda beyond the written plans, to view the

teacher as having a reasonable goal of accomplishing the agenda, and

19
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will.. view the teacher as managing a complex multifaceted system.

. . ~
' ) L4 o
Consider, ds an example,. a fourth grade'mathematics teacher ieading
. J " -

a lesson on twe digit-—multiplicatﬁon within the constraints of a 40

minute class period. We can examine some of the resource$ and taxations

related «to the task. There may be 25 to 30~children; while a standard

9 ,
curriculum series is used, the order of presentation may be rearranged.

— The teacher’s agenda consists of a series of action goals for both the

-

teacher and the Student; Proceeding through the agenda, s/he is
bombarded with maséive 'amounts'of iﬁformation: social and management
'informatiop carried by student behaviors; tempogai-concerns carried byj
the fit, or lack of it, between the clock and the sequEPce of actions;
students’ grasp of the academic presentation, reflecté¢_ by the erroés
and .corregtness of student résponsgs and guestions; random external
interruptions such as supply deliverieé\ priﬁclpal's announcements, etc..
The skilled teacher filters and éelects carefully from this rich array

of information in order to maximize the chance of accomplishing the

agenda; the newer teééher is easily distracted and pulled away.

Figure 1 represénts the global model of the teaching—learning
exchange; . In this mconceptuélization, —stqdent learning behaviors are.
considered to influenceT-and be influenced by student cognitions.
Teacher behaviors are likewisé influenced. Figure 1 shnws' the
cognitions of thé teacher gnd‘gtudent duriﬁg instruction and forms a
loop. Teaching behaviors are taken -as the. starting point. These

behaviors influence student behaviors; student behaviors influence

teacher cognition, which in turn influences teacher behaviors. The

11
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teacher is viewed as "reading" the actions of the class, students, and

~self, and making finely -tuned adjustments in the working agenda.
Student cognitions are influenced by the student s own behavior and by

" the teacher’ 8 behavior. Both sets of cognitions are influenced by prior

knowledge, beliefs, plans, and the actions of the other students.

9

' Figure 1 Here

Y

Currently we hypothesize that, as Figure 2 displays, teachers are

reading information . from: the social cues of the environment, ‘verbal

s

_cues from students, or his or her own sense of/or concern with time,.
’ b

prior information on these particular students ‘and , students in general,.

.the agenda, and subject matter knowledge. Their thoughts are organized'
around the gbal of achievin%.the;agenda, or as Mehan (1979) has put it,
.ﬂ°n getting through. Thus; child and subject matter Enowledge is :draw&
on for agenda formulation, responding to questions, and seiecting :
students; whereas social and‘verbal cues are only used if they furtherﬂ‘
or threaten the a;enda,‘ not ags information in thlmselyes (unless, of
course, the agenda contains social or linguistic elemen s, which in some

<

cases it does). .,

Figure 2 Here

fra
)
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Before class a good teacher has some ideas about the nature of the
lesson to be taught. These ideas are probably not well-reflected in
lesson plans. Rather, they are contained in something we refer to as

the teacher’s agenda. An.  agenda refers to the total goal and action

séquéhcéféonstructed by tﬁéwféaéﬁéf“fafﬁafgivaﬁ’Eiﬁé'mﬁéfiSd, not just
the written plans. It includes the purpose éf the lesson, the
organizing structure for-the lesson, the /actvivitive's for both teacher and
student, the goals for each element,ranticipated prcilems with their
concomitant solutions, and the connections between the current lesson
and prior and future lessons. The agenda 1is cbnstrained by or
structured by the teacher’s belief system (children should‘ be kept

busy), routines in place (homework collection, seatwork management,

etc.), and the curriculum in use. How teachers go about constructing

. the agenda 1is important, but so 1s the cbmplete content of it.

,“Teaéhetsf knowlédge for planning and teaching lessons includes (1)
general schemata and beliefs that are capable of incorporating specific
lesson materials_and’activities, (2) global constraints that may be

related to general beliefs about children’s learning, classroom

practices, and general knowledge and understanding of mathematics, and

(3) standard routines and broblem—solving strategies used in performance
of specific teaching activities. Operating plans, which focus on
activities .involving specific material in the daily lessons, identify
activities. that vary substantially from day to day. In performance of
teaching, the operating plan provides little more than a set of titles
for a feﬁ of the activities thﬁt will be inclgded iﬁ the lesson. These
titles are aralogous tb brief verbal rules forvcognitive procedures or

instructions that partially specify a series of steps for - accomplishing

13
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some task. Recent research on verbal rules (Chziklin, 1982) and on

instructions (Smith, 1982) emphasize: the need for significant background

knowledge for effective performance of the taské that the rules or

instructions are intended to elicit.

We conceptualize teaching of a lessodﬁas-a number of episodes ‘or
activity structures, each containingl an identifiable and partially
predictable set of actions for both the teacher and the students.
Episodes includelﬁuch units as having the students checkbtheir homework,
explaining a concept to the classt working example problgms for ‘the
class, having students ﬁork pioblems publicly as an extensibn of fhe
lesson, and having - students wﬁrk privately as a rehearsal of the
presentation. Preliminary evidence indicaﬁes that this kind of episode
or activity structure provides a ugeful characterization of the events

that occur in the teaching of a lesson.

Activity Schemata. A major component of our hypothesis about

teachers’ background kﬁowledge is a setlbf activity schemata, whiéh are
similar Eo the schemata for global actions in Sacerdoti’s (1977) system,
and to the Knowliedge Sources in Wilkins’s (1980) system for planning in
chess. Each schema invthe system ;ncludes two_ kinds of = information:

information about requisite conditions aﬁd consequences oflthe activity,
and ‘information about inté?gal gstructure of the aétivity, including
components of lower-iével activity that are included in performanée of
the activity. The components of an activity schema may themselves be
schemata that contain iﬁfprmaﬁioh about requiéi;; ‘conditions and
internal structure. The reﬁuisite conditions constitute subgoals that

are required for the activity to .be sﬁccessful, and the component

subactivities correspond to if-then strategies that are available for

14
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achieving subgoals. Some components of schemata are well-rehearsed
routines for standdrd activities, such as 'diétributing materials that

students need for work at their seats.

V7

A sgecond schema that 1s operating during the lesson‘kig an
information sSchema. This sSchema helps to collect, post, and recall’
critical elements of information during the execution of action plans.
The expert teacher is in fact capable of generating manageable padkets
of information that can be used any where in the lesson. It 1is the“
management of information that permits appropriate flexibility in

lessons and insightful responsiveness to students.

When a lesson is taught, schematic knowledge is retrievéd add
determineg the structure'of'activity'episodeéﬁfbrrthemlesson. Activity
combonents that are specific to the cu;rent ledson.are integrated with
the schematic knowledge to form the sequence of actions in the lesson.
We refer to the structure formed by integrating general activity
schemata with specific lesson components as the agenda of the lesson.
An investigation df properties of lesson agendas 1is descrised in the
study df teachers’ planning, in which we interview teachers before they
present lessons, to obtain information about the degree to which they

.explicitly plan various components of teaching (beyond the éketch in the
lesson plan) and the.degree to which they anticipate contingencieé that
can arise during teaching. We assume that the -general activity schemata
are relatively stable, but this implies ~that they can be combined

o

flexibiy with a wide variety of specific lesson activities. An

-

important theoretical issue that needs to be addressed involves .

characteriéﬁics of general schematic knowledge that support this

L e,

flexibility.

| Y
)
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Global constraints. A second general component of knowledge that

we h;pothesize 18 a set of glonnl constraints. A very significant
constraint in classroom teaching, which 1s less salient‘ iu tutorial
teaching, . involveé the time that 1s available for the lesson. ‘A
classrnom teacher must cnmplete the agenda within a specified ’total
amount of time while naximizing'the learning and understanding of the - -
students. In additfon to constraints of time; teachers also include
monitoring and diagnostic activities"related to general constraints.
Teachers monitor the student audience more or less con;inuously to
satisfy constraints involving student attention or activity relevant to
the instructional agenda. They‘also includg‘ diagnostic activities to
determine whether specific .students have reached acceptable levels of

unde‘rstangi_.ngv or learning.

A theoretical possibility is_nnnt glonal constrnints of teaching
are at least partially determined by teachers’ belief systems apout
children’s learning and desirable classroom‘methods. Constraints also
nayvbe generated by the teache:;' general knowledge and'undefstanding of
mathematics, involving relationships among.different mathematical topics
or general principles that should be feflected in the method of
presenting material and in the students’ undérstanding. In - another
study we are investigating characteristics of tgachersf general
mathematical knowledge and their beliefs about children’s learning and
classroom practice in order to provide information about this factor in

teaching performance.
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Performance: Teaching a Lesson.l Teaching a lesson can Dbe
concepﬁualized as the execution of é plan. fhe plan structure is the
agenda, formed from general actifity schemata and specific lesson
activities from the lesson plan, alongA withi global constrainfs of
teachiﬁg and local constraints that are reépresented in the teacher’s
" schemata for activities. Note that.ﬁhis plan structurg may bé largely
implicit,'specified‘ﬁy knowlédée st;ucture§ that are retrieved during
executioq rather than explicitly represented in advancé of the teaching

activity.

Performance of teaching involves retrieving schématic information
from the plan structure, identifying Sngoals that correspond ';o
requisite conditions 6f the schema, determining that thei requisite
conditions are satisfied or performing other actions that achieve them,
and finally performing the activities specified és,;compo;énts of the

schema. Activities are performed under global constraints and other

local constraints that correspond to requisite conditions of schemata. '

vEmpirical Studies |

A series of empirical studies are being conducﬁed that are designed
to provide detailed information regarding characte:istics of knowiedge
that comstitute cognitive skill in teaching, including general schematic
kﬁdwledge of teacﬁing activities, construdtipn of plans, knowledge of
the sub.ject matter and related | pedagog.‘)", ‘and detailed seduencés of
events that occur during “présentaﬁibn of lessons. 1In addition to
records of the activities of teachers as they present lessons, we are

obtaining retrospective protocols. These data will be used in the

17
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.development of a model that characteriaes teachers’ cognitive processes.
This model will focus on teachers' responsiveness to circumstances that
arise in the classroom and relate. their actions to the goals and
expectations delineated in their agendas. Inllthe future, selected
aspects of this model will be implemented as computer simulations, when
this seems  useful - to clarify principles or to demonstrate the
sufficiency of a set of hypotheses regarding some phenomena. We are
also collecting data on the knowledge level and thinking processes of

students..

‘Activity structures and routines. The purpose of this\study is to
provide basic data for the development of hypotheses about the major
components of knowledge that constitute gkill in teaching elementary

mathematics. Videotaped records of the teaching of matnematics lessons

are being gathered and the translated into systematic descriptions " that'.
we call activity structure maps. These maps ptovide a basis for
inference of underlying knowledge structures and processes which can be

developed in the framework of _activity schemata and cqnstraints

e
s

described above. A goal of the analysis is to account for the major
components of the activity structure maps, in the sense of showing that-
our hypotheses about knowledge structures and processes can generate the
activities that 'occur. The . study is designed toiestablish the hasic
structure of a typical math class for a given teacher and to place the .

math class in the context of an entire day, and also within a sequence
of ‘math lessons. We expect variation in the number and type of
activities in which teachers engage, as well_as_the amount of time spent
in those activities. The’observed structure of any given lesson, day,

and week will also be a reflection of the time congtraints and agenda

18
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under which the tsacher is operating.

Figufe 3 Here

Figure 3 shows the activity structures for a specific math lesson -
there arelreight activities identified. For each activity there are a
number of actions to be carried out»by both the teacher and the student.
Each action contains some scripted or routine elements ann; some
spontaneous or unknown ‘elements. . The degree -;o ~which the .routine
elements frame and guide the spontaneous ones 1sbsignificant; it

appears,'for example, that these frames operate as effective.guides for

——experienced  teachers—-and more as obstacles for novice teachersv~

Agenda content and formation. The objective of tke second study is

to understand the agenda.for'any given lesson, how it is constructed,
and how it 1s changed during instruction. .Since we view thé 'agenda as
one of the major cognitive innuts that.affect teacher behavinr, it is
critical that we understand what it contains, in ;hat detail, and the
flexibillty built into it‘(if any). Each teacher 1s being intervinﬁed
prior to each of six to eight matkrematics classes. The information from
the first s;udy is dimportant 1in contextualizing ' the information

obtained. The interview 1s -open~ended and semi—étructured. The

*interview 1s wused . to fnrther‘.establish and confirm the sequénce of

activity strucﬁu;es for the class, for example: review, drill,
transition, presentation, transition, and practice. The interview is

also used to elicit the teacher’s detailed description of goals,

- 13
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examples,. games, anticipated problems, and what s/he is looking for in
the students’ actions (for example, Figure 4). A class observation 1is
used to note additions, deletions, alterations, etc. Following class,
the teacher is again interviewed to clarify what went on, how the
zeacher viewed the lesson and how discrepancies are interpreted (Figure
5).

Figure 4 provides an absolutely clear line of action statements:‘

the topic 1s fractional parts of a number (do a presentation), work

through 32 items on two pages (shared presentation, public. practice,

guided practiﬁe), extend the 1essonfwith the use of counters (public
‘practice), do additional work sheets (gulded or monitored practice).

Wwhat 1s not transparent are the routines to be usedior the information

gathered at eacn stage and used at later stages. Those must . be
developed ,from direct observation of the task performances ~Figure 5 e
shows a change in sequence of the. action segment (counters b?fore

norkbook instead of after) which comes as ‘a consequence of the‘
{nformation obtained in the presentation, namely that ’more concrete

practice is needed before written performance demands are placed on the

studentse.

The analysis is aimed at understanding the nature of the teAcher's
planned and actual agenda, how agendas are formed, what the critical

v knowledge sources are, and how management routines are established and
used. For any given teacher, the entire set of interviews is examined
to identify recurring action elements, presence Or absence of - routine,
descriptors, and any constraint "'tags" that are included. The teachers

productions are relatively short, almost mental notes for the lesson,

and our task 1is to leaxn the meaning -of each component of the notes.
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This is accomplished in part by matching the observed action sequence to
the planned one and in part through the teacher's.discussion of the
lesson ithhe post interview. The more long-range goals, such as those
concerned with attitudes toward mathematics, apprOpriate peer respect,

etc. are revealed through action.

Figure 4 & 5 Here

o

Studies of teachers knowledge bases. The'purpose of this study 1s

to assess teachers’ knowledgew of math and their belief systems about
students and teaching. The knowledge and beliefs are analyzed in terms
of the global constraints that we postulate on the basis of observations

of their performance. In order to assess the more stable aspects of the

- teacher’s - ‘knowledge about student ability, the curriculim, and subject

matter, we are asking each teacher to engage 1in several non-teaching
tasks. First they estimate the overlap between what the students have
learned and what is tested on a standardized test. Pilot work 1in this
area _suggests substantial differences between experts and novices in
~both the accuracy and depth of analysis teachers use ‘to COmplete this
task. ihese differences are.a function of the kinds' of information a.
‘teacher sees as relevant, attends to, and remembers. Using either the
standardized test that is' administered by the school district in_the
spring of each year or the district- mandated criterion—referenced math
; tests, 'the‘ teachers are asked to predict student performance on each

mathematics item and\tq\describe how that decision was made.
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Second, we tap teachérs’ knowlé&ge of the subject matter, and
students and the expectation the teacher has about learning the subject
matter. Thi; asPeét of teacher cognitions is assumed to be relatively
stable within teacher and variable across teachers, eépecially at
various étages of experienge. We do not assume that an elementary
mathematics teacher must be a mathematical ﬁheo;etician in order to bé

effective, but rather must have a thorough understan&ing of the

_structure,/hierarch;cglwngggyehgngwggggglying‘pgigqigkgg_and_conceptg<9£‘

the content. Further, we assume that this understanding of the subject

matter, in conjunction with an understanding of pedagogical issues,

allows the teacher to have more alternative instructional paths open to

him/her and, therefore, more flexibility in instructional behaviors.

Aalgtrict (Heath), teachers are asked to comnstruct and label categories
of iﬁems. They then are asked to discuss the properties of those
categories with respect to instruc;ional demands. »I# aédition, we are
interviewiﬁg the teacher in a semi-structured way about one topic,
fractions, to probe the depth of their underlying knowledge.
Understanding the'specific knowledge that teachersbhave about a focused
topic will let us see how ;hat knowledge actually interacts with lesson
preéentation. For example, in feaching equivalent ftactiong, childfen

are taught to multiply the top and the. bottom (numerator/denominator) by

the same number. The text does not explain why, nor do most teachers.

The question then 1s - Do teachers realize that that is the same as
multiplying by one,‘and if they do or don’t, does that affect their

teaching?

o

Using modified items from the mathematics curriculun in use in the.
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Fractions was chosen because in the fourth grade text 1t 1s the
topic that has the most new material presented. The fractions interview
will also be used as a basis for examining teachers’ beliefs about

children’s learning - specifically the differences (if any) between what

' teachers believe about mathematics and what they think children can

learn and understand.

Information and problem solving during the execution of plans. The

“purpose of 'this study is to provide detailed evidence regarding the

internal structure Qf our characterization of teachers’ knowledge and
thinking. We 'do not believe that teachers can identify the internal
structure of their coghitive activities in any complete way. However,

by obtaining detailed retrospective protocols of teachers viewing

videotapes of -their own-performance; we have an opportunity to discover

alternative hypotheses to those we have devéloped on the basis of our

observations of the teachers’ performance.

One of the most complex and least understobd aspects of' teachgrsf
cognitions is the information processing that occuré‘ during the
instructional act £iself, the interactive stage. -1t is at this stage
that teacher cognitions are exhibited in instructional behaviofs and it
ig those behaviors that impact upon student cognitions and behaviors.
It is also‘ the stage in which the most information is available to be
received or attended to.by the teacher. The tgaéher, however, must act
and cannot process. such large amounts of ‘infsrma;Ion on-line.
Théfefdie,.it 18 at-this stage that we will look for how information 1is

filtered, what informétion is attended to and what is ignored, and how

these processes drive teacher behaviors.
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Each teacher is videotaped while teaching mathematics from three to
five times. As soon as possible after the taping, and after the
researcher has seen the tape, the videotane is played back to the
teacher to stimulate recall. The protocols obtained during this phase‘
are analyzed and used to test the basic model of cognitine skills

required for teaching. The model 1is being refined based on

. discrepancies and omissions noted from both the stimulated recalls, the

actions in the tapes, and interview responses. .

Insert Figures 6 & 7 Here

Figures 6 and 7 show the first stage of analysis of two activity
segments from a sSingle lesson: An expert’s homework check and an
expert’s lesson presentation. The first clea-. cut goal is, to get the

i - .

homework corrected and handed in. Within this there are threeisubgoals:

to establish who did or--did not do their work (indolents bost their

names on the board); to correct the work to assess the'general success

rate. : Yo -

The expert attains her goals by wusing:® two schemas, one action
schema and information schema. The action schema follows three
goals closely. First the teacher calls attendance to which each child

responds yes or gives an explanation. If the child has not done the

. work, s/he puts his/her name on the blackboard. An informational schema

is also being activated (I-SCHEMA) which now has a. list of students who
did not do their work. Second, she calls the problem out loud with the

students giving the answer chorally. If the chorus weakens, the teacher

24
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learns that that item is difficult. I-SCHEMA is used to record the "key
item features. lLast, she calls out n 1bers of items missed starting
from zero and stopping when there are consecutively no hands raised.

T-SCHEMA records those students who miss a lot of items.

For each activity structure shown the basic goal is identified and
the subgoals or components are listed. Many of the activities and
routines are initiated by a very .short verbal bhrase that aler;s
students to either change ("Erase,-be geated.") or the action itseif

("Page 169.") For each subgoal the actions used to accomplish the goal

” are 1dentified and the functions and or outcomes are reported. A

function is,an inferred consequence of an actioﬁ that is not 1identical
to . the goal or subgoal but may meet known or inferred constraints. An

oﬁtcome o:-product is iisted only 1f the consequence of an. action
rproduces something ﬁhat must be carriéh forward into another goal or
subgoal, in some cases these outcomes are themselves goals. Thus, an
individual child’s failure to perform in one action may produce a goal
to tutor that child coqtinﬁously throughout all other activities. Thé
basic goals for the lesson do not stand alone but both receive and

broduce products from other activity ‘'structures.

Figure 6 shows the actions related to achieving the first goal
-homework. The cue is given by "0k, set 43". Attendance is rapidly

called - eaéh child answers yes or writes their name on the blackboard =

time to complete, approximately 30 seconds. The routine is well ---..

rehearsed and universally known. The action proGides information and
exerts a monitoring and public control function. An outcome is that the '

teacher knows who has not done the work.

25
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)

The second subgoal is to correct the hgmenork. The students take
colored pencils Out and respond with the’ correct answey in lowest terms .
chorally as the teacher calls the problem "1/12 + 1/12" "2/12 or 1/6".
Time to completion 106 seconds. The teacher’s calling out the problem
serves the function of pacing the \class thrdugh and reinforcing the
pairing of problem and answer. A second function is to note if any of
the items produced problems for the group as‘ 3 whole. This 1is
determined by the situation in which multiple answers/are shOuted-

-

Thus, at this point in the lesson through the use of two of gthe three
homework checking routines the ‘eacher knows which children she doesn t
know about (namely the ones wh- 1idn’t do their homework) tg?d which
problems, if any, create dif -'ties. Th.e‘ last Jubgoal.is to discover
which of the children had diffl 'u .7 in .general with the assigmment.
This 1is done. in 30 seconds by: calling out the number of problems missed
and\having children raise their hands. The homework (or class ‘work)
activity structure acc0mplishes a lo: 1n a little time and produces

information that can be easily carried forward into the . rest of the

lesson. The routines used are attendance response, choral response, and

‘hand raising. The teacher has reduced the amount of potential

processing and has kept a simple component of the lesson gsimple. In
teachers who are less successful we often see large amounts of time and

intellect expended on just such a simple component.

a

. Figure 6A shows an analysis .of the homework segment using a
production system to display the goals (rectangles), test (diamonds),
and actions (hexagons)- The unanalyzed routines are described in

triangles. o
25
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In contrast,‘a novice teacher doing the homework check activity
behaves somewhat differently. The homework check activity-for_one
novice was an extended activity (6 minutes) in which the goal was
reached somewhat indirectly and without the type of- teacher contrcl we
gaw in the previous example. The homework activity is msde up of the
same two Subgoals, the first identifying who did homemork, and second,
orally correcting the problems. For the first subgecal, the ncvice stood
up at the front of the room and said "who doesn’t have their homework? "
The students did one of the following: stayed sested and held up
completed work, stood up and walked to the teacher and said either they
had it or did not have it, called out that they didan’t have it. The
novice teacher responded that homework is important and there are‘no
acceptable excuses, and marked_ on a posted sheet whether work is
canpieted or mnot. She included.no summary action, thus, she did not
know 1if she knew about the homework status of everyone. The I~SCHEMA is

not 1a place and not working. The novice uses a less effective

- question, does not have a routine to obtain the information, and is - not

maintaining control of the flow of information.- The students, in an

attempt to comply with: the somewhat unclear réques;,f respond in a
, - 4
variet?"oﬁ confusing ways. The 'total time to accomplish the first

subgoal is 85 seconds. It is also the case thst she is unable to retain

the information ‘in : memory to carry it forward or has incomplete .
. A l . .
information as we see in the next Bection. .'*

/"

.

The second goa% is to correct the.problems. This can be done as

+
the expert did it, or by the tegsher collecting the work and correcting

it and returning it, or some other combination. The second segment of

the homework check 1is snswering the problems. The novice calls out a

27
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set of problem numbers (1-10) and assigns a child to call out the
answers as the teacher ‘calls the problem number. The student slowly-
calls out the'answefs in crder.(The first child chosen is the lowest in
the class, ’does not have her work done and is doing’it in her head.)
.Thus for the first 10 problem answers the 7eacher has lost control of
pace ggg correctness -of ansﬁer, however, it is only when,the child fails
on the sixth problem that the noQice realizes the student has not done
her homework. (To get to the seventh problem took 105 seconds). The
“novice then calls on fouf)separate children each of whom gives the
answer. The rest of the class is checking the work off at their desks.
The novice then picks her main "trouble maker' to do the next block of
10 problems. The rationale for choosing the child was that it was the
first time the child had volunteered for anything; He misses one
'problem but then‘continues - going‘£hrough ten problems in 70 seconds.
The last child chosen goes through the sequence quickly but the soundAof
the child saying' the problem number and answer next to each other is

confusing, (e.g. 24, 27; 28,64).

The novice feacher‘Clearly has the beginning“_of a sﬁrategymffdr
getting homework checked. First she does it (she did not earlier in her
teaching and anothér nqvica did not even éheckﬂthe homework which leads
to another set of difficulties). Secoﬁdvshe‘realizes that she $hould
have some structure and time is a coggtraint. During ;ach_ c&cle she

[

starts by having the child\pace it, then she takes over the pacing.
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Figure 7 shows the analysis of a presentétion of new material -
changing a mixed number to a fraction. There are three subgoals: The
first is to review the labels (v;cabulary) needed, the second 1s to -
present the tésk,_-and the third 1is to demonstrate the algorithm,
Overlaid on the subgoals are several systems of constraints which
;themseLves help construct the solution: ke;p the lesson moving
(Footnote 1), get through the task (Footnote 2), call on different
children (Footnote 3), watch for the stragglers aw: “elp them (Footnote
4), keép interest and action up (Footnote 5), don’t embarrass children

(Footnote 6).

To review the labels the teacher asks for a def;nition. She
selects one of the ﬁeakest children, Connie, to answer. Ihis is both to
encourage Connie and to do a bottom level check = 1if the "weakest . -
students can get it, the lesson can move. rapidly. .Connie does not get‘
‘it and produces by her faiLure another goal 2Al, to check on her for the
rest of the period. The teacher then moves to one 6f her strongest
students for the definition - she also fails. The teacher tries again
with a middle levelri he fails. The teacher thén calls on aztop'child
and repeats the definition and has the students rehearse it chorally.
This 1is an énalysis of the action schema. Clearly the I-Schema is beiné
used to construct subgoal 2A; but further analysis 1s need of this

segment.

In the time comstraint sysﬁem Mg. Longbranch is"behind for the
second goal of the lesson, namely to define hbw,to‘change mixed ﬁumbers
to fractions. Shé_now must move ahead and up the pace but maintain
involvement. She does this by having choral reading of the rule frog L

—the rule cards at the front of the board. So within 1.1/2 minutes she

o | 29
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has reviewed the definitiﬁne introduced an algorithm and rehearsed it.
(It probably should be pointed out that the prior lesson 1nvolved
extensive work with drawing mixed numbers and taiking about 1 1/2 of a
sandwich and 3/2 of a saﬂ&wich,‘etc.) Ms. Longbranch is now ready to
use a routine of public practice where a problem ean be put on the board
and e child is called on to orally guide the teacher through the
operation. Ms. Iongbrahch shares _control slightly by permitting
volunteers but calls on onme child at a time to do each of the three

steps of the algorithm. .

The first problem (Subgoal ZC) is 2 1/2, a relatively easy problem;
the first child (a middle level anxious child) is called on to perform
the first part of the algorithm (multiply the whole number by the

denominator), the teacher follows the rule for the second step while the

student dictates to her (add the numerator). These actions are

carefully watched ' by the students .both because it is the first real
demonstration and because of ' the relative excitement " of watehing a
student tell the teacher what to do. The second. problem that is given
to the students is 3 2/5 to be dome by a top level child. He_ goes
through all the steps smoothly, thus rehearsing publicly the algorithm.
To check how the lesson has landed she'goes to the wéakest child (from

goal 2Al) and rehearses the steps while the child gives the answers and

.Ms.longbranch writes the answer on the board, e. g. for 2 3/4. The

actions produce a third example on the board, rehearsal of ‘the
algorithm, and check the weakest child. She is caught up and 1is ready

to begin public practice on the blackboard with groups of students.

30
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Student Cognitions. , The purpose of this study 1s to assess the

%

thinking of students as they are -being taught mathematics. We are
interested in students’ conceptions of class stru;tu:e as well as
students’ on-line thoughts. There are three types of interviews: a
knowledge/understanding interview of fractions; an  interview | of

classroom routines, structures and rules; and an interview during class

~and from stimulated recalls. In the future this will be expandéd to

include in-depth observacion of student behaviors and productions. We
hope to be able. to build action/éoal maps similar to those developed for
the teacher.and then to fit them together with typé of teacher. We are
also tfying to develop a picture of wﬁen certain critical ideas are sent

(covered in class or homework).

This type of analysis of routines and activity segments is a Qgéful
way of starting to understand how teachers and studentsAdeal with a
dynamic ill-structured task setting. They constrain gome of the
elements by making them more or less static, and traﬁsform gsome of the
tasks into highly standard elements calling up entire reéeftoifes of
mutually understood behafiorﬁ. The next exciting-aspecﬁ"to examine is

how these individuals deal with the dynamic and substantive elements of

a' lesson.

Qutcomes

The outcome of the set of work will be an exbli&aﬁipn at’ é rather
micro level of teacher’s and étudentfs actions,:rputines, and thbuéhtsg
Another outcome will be a deeper theoretical undérstaﬁding of task
framing .and-aécomplishment.ié complex dynémic environmehts. We hope to

be able to develop a theoreticalJ'hnderstanding of both the action
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schemata and the informational schemata utilized by expert teachers.

o
Do
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Footnotes

Ms. Longbranch’s concern about keeping the lesson moving is
exemplified in the following excerpts: Interviewer: 'What are
the advantages of usieg choral cﬁeck that ydu did for homework

& for this?" Ms. ﬁengbranchf "IF:S quick. It’s very quick."
(12/14/81; 1lines 401—405).Ms. ﬂongbranch: "...it seems the‘?f
way I have math scheduled -I‘onlf have that 40 minutes ég 1
really have to know what I'm doing. I have to have my 40

minutes organized." (11/19781;ﬁ lines 201-205) Ms. Longbranch:

", ..ny math is 40 minutes...I can never drag math out for a

couple of extra minutes." (1/6/82; lines 244-245).

Ms. Loﬁgbranch’s underlying constraint of getting through the
task 1s expressed 1in this quote of 12/3/81, lines 342-347,
",...I don’t have this writtee down'anywhere, but in my mind I
have it. I’m geing to,’be‘ fiﬁished with fractions before
Christmes.' I have to'be, you know, to get en; So I‘ll jusﬁ

pace myself now so that I will get finished.
N .

.

‘ " N
Ms. Longbranch tries .to «call on different children:

N

' "_,.everyone doesn’t get\tq\the board every day. But most of

them do." (1/6/82; 1lines 291-292) "I think I was trying to get

all the children to the board ‘that I thought would have any

' Qifficulty at all:" (12/14/81; lines 151-153)
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One important concern is to watch for straggléré and give them
additional help: "...I can tell (the ones that have.trouble),
they’re always the lagt ones to stand up. So I know they ' need
special attention." (11/24/81; 1lines 38—41).. "But usually
the ones who have trouble will get to the board that day. The

better ones will get turns, you know, every day, or three..."

(12/11/81; 1lines 447-451). Then when you see the same person

is always the last one getting up, well you know he or she is

really having a tough time of it." (12/14/8l; 1lines 358-361).

Ms. Longbranch is operating within the constraint of keeping
the children interested and action moving: ''There’s no
specific reason why I have them stahd - Jjust to keep them
moving,...". .(1/6/82; lines 462-464) "I feel like if I don’t
have them keeb moving cénstantly, or doing- something

constantly, their attention span, 1 don't care how good they

are, it just floats away." (1/6/82; -lines 475-478)

Ms. Longbranch élways avoids_embarrassing children: "I don't
always %ick out the poor'onEQ; or else they’ll know for sure
ees You know, &'I feel bad and then,théy WBn'; want ﬂo go to
the board. This way,: everyone wants to go to the board."
(12/11/81;_ lines 439-441;443-445). '"And they hate to be the
1#&1: ones sitting dowm. But I never point that out that .

they're the last ones.™ (12/14/81; lines 351-355)









TEACHER ACTION

Detember 14, 1981

/

1.

10.

11.
12.

Tells them to get out

homework papers.

Reads problems.
Iisks for # correct.
Collects papers.

Requests bodks avay.

Asks questions about
steps in changing
mixed numbers to

"~ fractions.

Asks for steps in
solving two probiems.

Sends some children
to board.

Gives children one
problem at a time.
to work.

Asks;ég¥1d to

verbalize steps in
solving each problem.

Gives directions.

Passes out‘paper.

STUDENT ACTION

1.

10.

11.
12.

Get out paperé.

Choral responses,
check own work.

Raise hands to
indicate # correct.
Hand-in papers.

Put books awa.y. }

Chorally read . steps

- from cards.

Individual response.

Designated children
go to board.’

Children at board .
do problem, others
do it at seat.

Individual responses
about steps in

~ problem solving.

\Get»out book§.

Fold papers.

42

CACTIVITY STRUCTURE

Homework
Check
(23 Minutes)

Transition
(1 Minute)

,Preséntation

(4 Minutes)

Shared Presentation
(4% Minutes)

Transition
(1 Minute)

< ‘_Figurer3.' Activity Structure of Expert Lesson



TEACHER ACTION . STUDENT® ACTION  ACTIVITY STRUCTURE

13. Gives children 13. Several work
' problems one a% a. problems at board.
time initially, then
three at a time.
' . . Guided Practice
14. Has correction for 14. Correct problems (16% Minutes)
each segment. : in unison.
15. Checks individual 15. Stand when problem
children’s completed 1s finished.
} problems. | -
. ' Monitored practice
16. Tutors and travels. 16. Do problems.- :} (7 Minutes) )
17. Passes out homework. '17. Look at homework
| h | paper. Homework_Assi?nment
18. Reviews homework. 18. Oral response to (2 Minutes
. sample homework
problem.
%
.




February 11, 1982

K

G. Right now they're doing newspapers and reading. It's the end of the
second period. What time are you teaching math today?

M. 10:25. B

G. In five minutes.’

M. Right. ‘ : R

G. OK. 'So, tell me what your p1ahs aré today.

M. We're going to find a fractional part of a number. We.re go1hg to
work the exercises 1 to 32 on pages 142- 143 We're also 901ng to
be ‘working with individual counters.

mhm.

Having *hem laying out like twélveAcountérs, finding half of them.
mhm. | | .

OK. And, they will have worksheets due.
Uh-huh. And, is that the order that you're gonna do it in?

= e e =0

Right.

Figure 4. Preclass Interview




..--' o .
+ . February 11, 1982

(inaudible)?

.”_Certéin1y. Just tell me about it.

(giggles) Just tell me again what you want (inaudible) ...

‘.3'5)363

Oh, right. I went out of sequence. I decide to do the counters before
the exercises in the book. :

Why?

I thihk, to make it clearer to them. .

mhm. 7 | | ,
Manipulating some things thaf they could understand this.
So the first thing you did was preSént the algorithm.
‘Right. ‘ |

And then the counters as a ...

Right. .;\

As a-manipulative. And then the exer;ises.

And then the exercises.

oK.

® X P P T OO

=

Orally, and then the worksheet for independent work.

Figure 5. Postclass Interview T




Constraints: Reinforce doing homework -
: ' Keep pace moving
Keep attention
Watch for Ryan & Connie

Expert - 12/14/81

 Goal 1 Homework Check
Subgoal 1A - Who has it? Time ~ 30 seconds

action: T call attendance - %* Cue
S say yes or put name on board

function’ : monitors

outcome s knowledge of who has not done work
- - carry foreward .

Subgoal 18 - Correct work. Time 106 seconds.

action: T calls out problems
: 'Ss call out answers - correcting penc11s

function : Paces, both groups have 1nformation,
: keep attention

Interruption - "How many neduced it to 1/62"
Subgoal 1C - How many got how many correct? Time 22 seconds.
“laction: T calls number perfect " o
then number incorrect (2.3 4,...)
Ss raise hands

Ifunction  : monitors, summarizes _

Youtcome : Students who got severa1 wrong s
' noted and carried foreward. .

Conclusion Cue: *Pass to the front, put your books 1n-your desk.

Fﬂgure 6. Expert Homework '

ERIC .




HomeworK checK

A
Atrendance| m,.‘,’.?c’t(on o t
'pwazq’ufsttc e | poscreqdfﬂ'ff | l poscreq_a(sifé |
Au 3tuden1$ < All feems | Au Cambmat:OﬂS
checKed errorsc




Constraints: Keep 1essdﬁ'moving
‘Complete Task
Call on differént children

Goal 2 Presentation.- Time 4 1/2 minutes

Subgoa1 2A: Define a mixed number

action: T asks fof—definitibh :
' weak child is selected - fails

function:: involves students,
check on first child -

out;ome: : Goal 2A1 - Check on Connie

action: T calls on Tracy
Child fai1s - confused

_action: | T calls on Chris Brown
. = Child fails - confused

—- action: Tiffany ca‘l‘led on - gets it, ...
: T repeats definition, writes 2 1/2 on board
Ss choral repeat

* function:  ~  Get definition acrbss'
Don't waste time .
Qutcome: - Time is lost - make it up
- Goal 2A2

Subgoal 2B: Define operation of changing a
- fraction to a mixed number.

action: . Teacher leads choral reading of rulte-

function: “Clearly state algoriﬁhm, sacrifice
. student involvement for time -

outcome: - Time is caught up - goal 2A2 is met

'
Figure 7. Expert Presentation




Subgoal 2C: Demonstrate Rules: Select student,
select problem - 1st iteration

Problem 1 - 2%

act1on T puts 2% on board .
says rule - part 1 - calls on strong student,
Terry
Ss misspeaks but says it correctly
T executes

function : T controls fit between rule and action’
and involves students

action : T says rule - part 2 - calls same student
- Ss adds numerator states answer '
T executes
function : Same ’
L action : T says rule - part 3 - and pause
' _ , Ss chorally respond,- 1nlpap%—ﬁﬁig:rect1y

Interruption: Teacher calls to order and reprimands

Subgoal 2C: Demonstrate rules: 2nd iteration

" Problem 2 - 3°2/5

funct1on Keep students obedient

action: T puts problem. on board 3 2/5
-Calls, on middle child (Everett)
Ss says rules and executes
T writes, pacing through each step .

function : 2nd clean demonstration, mid level
. : check, more independence

outcome & Success means can try on a lower student
Subgoal 2C: Demonstrate rules: 3rd iteration

~Problem 3 - 2 3/4

action: T puts problem on board

. calls on Connie ' -
'''' T calls for rule (step by step)

S Connie executes

T wr1tes reinforces last step

function : Check weakest ch11d check for success of -
) "~ rule presentation

outcome -  : Success - Move on.



Present lesson

| Defne terms

Define a,Erithm

terms
\

T

Callon 1
Student
volunteer|

algbrft m

y 3‘3‘ ot ? p ea‘r‘ Present Publtc ;;eh%rsaf
& of matc between
oe initionof ) ( rules for dO’ﬂgﬂ verbal rule and

50

Demonsn:ate rules

action




